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(54) Process for inhibiting the polymerization of easiiy-polymerizable compounds 



(57) In distillation of easily polymerlzabte com- 
pounds such as (meth)acrync acid and (meth)acrylic 
esters using a distillation unit, a liquid having substan- 
tially the same composition with that of a liquid sur- 
rounding a constitutive member (10a) placed In the 
distillation unit is sprayed by a spraying and supplying 
means. The liquid supplied by the spraying and supply- 
ing means preferably contains a polymerization inhibi- 
tor It is also preferred to supply a gas containing 
molecular oxygen to the distillation unit This process 
can effectively inhibit the polymerization of the easily 
polymerizable compounds, which polymerization is lia- 
ble to occur inside the distillation unit 
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Description 

[0001] The present invention relates to a process 
for inhibiting the polymerization of (meth)acrylic acid, 
(meth)acrylic esters, and other easiry-polymerizable 
compounds in distillation of these compounds. 
[0002] Distillation is a procedure for separating 
components of a liquid mixture comprising two or more 
liquids having different boiling points. In distil lation, the 
feedstock liquid is heated and vaporized and a vapor 
mainly containing a low boiling component is con- 
densed. When the components have largely different 
relative volatilities, they can be easily separated. How- 
ever, vaporization and condensation of only a portion of 
the liquid mixture cannot separate the components in 
expected concentrations in ordinary cases. Distillation 
is therefore generally performed by refluxing a portion of 
a condensate from the top of the column to the surface 
of a tray or packing in the column to ensure a vapor ris- 
ing in the distillation column to thereby appropriately 
come in contact with a liquid flowing downward from the 
top, and distilling off a low boiling component from the 
top and withdrawing a high boiling component f rom the 
bottom of the column. Such a distillation unit for use in 
distillation generally includes a distillation column, a thin 
film evaporator, and a reactor installed a column. There 
may be further provided a condenser, a reboiler, and/or 
an external heater. The thin film evaporator may further 
be provided with a column on a top. 
[0003] FIG. 1 is an example of a cross sectional 
view illustrating a plate distillation column 1. Such a 
plate distillation column is generally used in distillation 
of (meth) acrylic acid and (met h) acrylic esters (hereinaf- 
ter briefly referred to as a (meth)acryllc acid or Its ester*). 
Distillation using this distillation column will now be 
described by taking, as an example, the use of a feed- 
stock liquid containing the (meth) acrylic acid or its ester 
as a main component and acetic acid as an Impurity. 
The feedstock liquid is supplied from a column wall into 
the distillation column (Li). Acetic acid, a low boiling 
component, Is vaporized by heating and rises In the col- 
umn, Is Introduced into a condenser 2 (L2) from the top 
of the column, Is condensed, and is taken out of the sys- 
tem (L3). Separately, a high boiling component such as 
the (meth)acrylic acid or its ester Is fed to a subsequent 
step from the bottom of the column (L 4 ) as b refined liq- 
uid, and a portion of the refined liquid is returned via a 
reboiler 3 to the distillation column (L5). The condensate 
contains not only the impurity acetic acid but also the 
(meth)acrylic acid or its ester, and a portion of the con- 
densate is returned as a reflux liquid to the column (Le), 
and is again subjected to gas-liquid contact in the distil- 
lation column to allow the (meth) acrylic acid or its ester 
to flow down to the bottom of the column. 
[0004] FIG. 2 is an illustrative view of a distillation 
unit for use in a reaction of a (meth)acrylic ester. As 
reactants, (meth) acrylic acid and a liquid containing an 
alcohol are fed (L ie ) to a reactor 18 using an ion 



exchange resin, are agitated with an agitator 21 and are 
put <Lq) Into a Jacket of the reactor with steam for reac- 
tion, and formed water is expelled from the reactor as a 
vapor by disti Nation (L n 7). A product liquid containing an 

5 esterified (meth)acryiic ester is withdrawn from an outlet 
(L 15 ) and is supplied into a succeeding purification step 
(Lie). The vapor from the reactor 1 8 is fed (L 17 ) to a dis- 
tillation column installed on the top of the reactor 18 and 
is subjected to gas-liquid contact while supplying a fiq- 

10 uid (L 10 , Li |) from the top of the column. The liquid com- 
ponents such as the (meth) acrylic ester, (meth) acrylic 
acid, and alcohol fall into the reactor (L 1S ). A vapor dis- 
til lated from the top of the column is introduced into a 
condenser 24 (L 12 ), is condensed, and is fed into a 

is decanter 23 (L 13 ). After separation, a separated water 
phase is eliminated (L 14 ) and a separated oil phase is 
refluxed (L^) to the distillation column 17. If necessary, 
the reactant alcohol is fed (L 10 ) from the top of the col- 
umn. 

20 [0005] The (meth)acrylic acid or its ester is highly 
easily polymerizable compounds, and a polymerization 
inhibitor such as hydroquinone or phenothlazine Is gen- 
erally added to the feedstock liquid mixture and/or the 
reflux liquid. To inhibit the polymerization, a technique of 

26 supplying a gas containing molecular oxygen from a 
lower part (L 7 ) of the distillation unit is also employed. 
[0006] Japanese Examined Patent Publication No. 
63-11921 discloses another distillation technique. Spe- 
cifically external heaters, e.g., heating jackets, are pro- 

30 vided on an evaporator above and below an evaporation 
surface. These external heaters inhibit vapor from con- 
densing and polymerizing on an inner surface of a gas 
section of the evaporator without any polymerization 
Inhibitor. 

as [0007] By these conventional techniques, however, 
the polymerization cannot be always Inhibited, and the 
operation of the distillation unit is relatively frequently 
stopped to remove polymer, because the formation of 
such polymer deteriorates the purification efficiency. 

ao [0008] The present invention has been accom- 
plished under these circumstances, and an object of the 
invention is to provide a process which is capable of 
inhibiting the polymerization of easily polymerizable 
compounds such as (meth)acrylic acid and 

as (meth)acrylic esters in a distillation unit during the distil- 
lation of these compounds. 

[0009] Specifically, the invention provides a process 
for inhibiting the polymerization of a easily polymeriza- 
ble compound in distillation of the compound using a 

so distillation unit In the process, a liquid is supplied to a 
constitutive member by a spraying and supplying 
means, the constitutive member is placed in the distilla- 
tion unit, and the liquid has substantially the same com- 
position with that of a liquid surrounding the constitutive 

55 member. The temperature of the liquid supplied by the 
spraying and supplying means may be preferably equal 
to or lower than that of liquid surrounding the constitu- 
tive member in the distillation unit Further, the liquid 
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may preferably have a wetting liquid rate (of the sprayed 
and supplied liquid, a volume of a liquid attaching to and 
wetting the constitutive member) of 0.5 m 3 /m 2 hr or 
more relative to the surface area of the constitutive 
member. The liquid supplied by the spraying and sup- 5 
prying means preferably contains a polymerization 
inhibitor. It is also preferred to supply a gas containing 
molecular oxygen to the distillation unit Oxygen gas 
and air may be used as the molecular-oxygen-contain- 
ing gas. The proportion of the molecular-oxygen-con- 
taining gas (when the gas contains another component 
in addition to oxygen gas. the proportion in terms of oxy- 
gen gas) is preferably about 0.01 to 5% by volume, and 
more preferably about 0.02 to 3% by volume relative to 
the evaporation volume rate (at standard temperature 
and pressure) of the easily potymerizable compound in 
a vapor phase. 

[0010] The constitutive member includes, but is not 
limited to, a tray supporting member, a packing support- 
ing member, a flange, a nozzle, an end plate (e.g., aflat, 
dish-form, semi-elliptic, semWsphericaJ, or conical-form 
end plate), a column wall, a chimney, a downcomer, a 
baffle, and a shaft of an agitator. The easily polymeriza- 
ble compound may be, preferably for example, 
(meth)acrylic acid, (meth)acrylic esters (methyl 
(meth)acrylate, ethyl (meth)acrylate, isopropyl 
(meth)acrylate, n-propyl (meth) aery late, isobutyl 
(meth)acrytate, n-butyl (meth)acrylate, 2-ethyihexylacr- 
ylate, 2-hydroxyethyl (meth)acrytate, hydroxypropyl 
(meth)acrylate, and dialkylaminoethyt (meth)acrylates). 

FIG. 1 is a schematic diagram illustrating a typical 
example of a distillation process; 
FIG. 2 is an illustrative view of a distillation unit for 
use in a reaction of a (meth)acryllc ester, and 
FIGS. 3 to 8 each are schematic diagrams illustrat- 
ing an embodiment of the Invented process for 
Inhibiting the polymerization. 

[0011] In distillation of a easily potymerizable com* 
pound using a distillation unit, the easily potymerizable 
compound stagnates on the surface of a constitutive 
member in the distillation unit, that is, the same liquid 
stagnates in the same place, to generate the polymeri- 
zation of the easily potymerizable compound. Particu- 
larly, when a condensed liquid of a vapor stagnates on 
the surface of the constitutive member, the liquid con- 
densate contains little amount of a polymerization inhib- 
itor to increase the amounts of polymer to thereby stop 
the operation in many cases. 

[0012] The present inventors found that the polym- 
erization in a distillation unit can be effectively inhibited 
by avoiding stagnation of a liquid on the surface of a 
constitutive member in distillation of a easily potymeriz- 
able compound such as (meth)acrytic acid or its ester; 
and that spraying of a liquid all over the surface of the 
constitutive member can achieve this advantage, which 
liquid has substantially the same composition with that 



of a liquid surrounding the constitutive member. The 
present Invention has been accomplished on the basis 
of these findings. The liquid to be sprayed may have a 
temperature equal to or lower than the liquid surround- 
ing the constitutive member. Also, the liquid may prefer- 
ably contain a polymerization inhibitor. Accordingly, the 
above advantage Is further enhanced by the presence 
of molecular oxygen in the distillation unit 
[0013] The liquid for spraying on the constitutive 
member in the distillation unit (hereinafter briefly 
referred to as "spray liquid") is one having substantially 
the same composition with that of a liquid surrounding 
the constitutive member. Specifically, the spray liquid 
may be, for example, a feed liquid (feedstock liquid), a 
liquid withdrawn from the unit, a reflux liquid, a bottom 
circulation liquid (refined liquid). A portion or the whole 
of the spray liquid is to be sprayed. The spray liquid 
should preferably have a lower concentration of the eas- 
ily potymerizable compound or a lower viscosity than 
that of the liquid surrounding the constitutive member. 
To this end, the spray liquid should be preferably diluted 
with, for example, water, an alcohol, an azeotropic sol- 
vent, or an extraction solvent before spraying, within the 
range not deteriorating the operation procedure, to have 
a lower concentration or viscosity 
[0014] It may be preferable to spray the liquid hav- 
ing a temperature equal to or lower than the surround- 
ing of constitutive member of the distillation unit. 
Further, it may be preferable to spray the liquid having a 
temperature 0°C to 40°C, more preferably, 1°C to 30°C, 
lower than the surface of the constitutive member. If the 
sprayed liquid has a temperature higher than the sur- 
rounding of constitutive member, a part of the sprayed 
liquid Is likely to evaporate, consequently disturbing the 
sprayed liquid. On the other hand, the temperature dif- 
ference between the sprayed liquid and the space near 
the constitutive member is more than 40°C, the gas sur- 
rounding the constitutive member Is likely to condense 
greater, consequently loosing the polymerization inhibi- 
tion. 

[0015] The liquid contains, but Is not limited to, pref- 
erably hydroqulnone, phenothlazlne, methoqulnone, 
manganese acetate, nitrosophenol, cupferron, N-oxyl 
compounds, copper dtoutyl thlocarbamate, as polymer- 
ization inhibitors. The polymerization inhibitor is to be 
dissolved in the easily potymerizable compound or in a 
solvent to form a solution, and the solution is to be put 
into a supply line of the feed liquid, reflux liquid, or bot- 
tom circulation liquid or to be directly supplied Into the 
distillation unit. In this connection, the bottom circulation 
liquid generally comprises relatively large amounts of a 
polymerization inhibitor directly supplied to the distilla- 
tion unit, and can be returned to the distillation unit and 
sprayed without the addition of another portion of the 
polymerization inhibitor. 

[0016] The gas containing molecular oxygen should 
preferably have an oxygen concentration of higher than 
that of the air (20 to 21% by volume), more preferably. 
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40 to 100 % by volume, and further more preferably, 80 
to 100% by volume. When the oxygen concentration is 
excessively low, a large amount of the gas is required 
for the inhibition of polymerization to Increase the 
required capacity of a vacuum unit, and amounts of pol- 5 
ymer In the distillation unit and the vacuum unit are 
increased. 

[001 7] According to the invented process, the spray 
liquid is sprayed, by the spraying and supplying means 
(sprayer) to the constitutive member in the distillation 10 
unit to evenly wet the overall surface of the constitutive 
member Conditions for spraying such as the type (spe- 
cies) of the spray, the number of nozzles, and a flow rate 
can be appropriately set according to, for example, the 
position (location) of the constitutive member, and the is 
operating condition In the distillation unit. At least, the 
conditions should be preferably set to wet the overall 
surface of the constitutive member as evenly as possi- 
ble. 

[0018] Regarding the liquid rate of the spray, the 20 
wetting liquid rate Is preferably about 0.5 rr^/m^hr or 
more, more preferably about 1 m 3 /rrr^hr or more, and 
particularly about 2 m 3 /m 2 hr or more relative to the sur- 
face area of the constitutive member. The surface area 
of the constitutive member is indicated by {nJ4){Df t 2s 
where D is a diameter of the constitutive member, in 
flanges and nozzles, and is indicated by a wetting area 
calculated from the spread angle of a spray nozzle and 
the distance between the spray nozzle and the surface 
of the constitutive member, in the other constitutive 30 
members. 

[0019] The constitutive members placed in the dis- 
tillation unit include, but are not limited to, preferably tray 
supporting members, packing supporting members, 
flanges, nozzles, end plates, column walls, chimneys, as 
down comers, baffles, and shafts of agitators. The term 
"nozzle" as used herein means and includes all nozzles 
and nozzle-like devices placed in the distillation unit 
Such nozzles include, for example, inlet and outlet noz- 
zles for vapor or liquid, manholes, and Instrument con- <o 
nectlon (e.g., manometer connection, pressure gage 
connection, liquid level connection, and thermometer 
connection). In such constitutive members, the polym- 
erization can be inhibited by spraying the spray liquid to 
regions where a liquid formed by condensation of vapor 45 
is liable to stagnate to cause the polymerization and 
thereby inhibiting the stagnation of the liquid, in addi- 
tion, the polymerization in a liquid phase can also be 
inhibited by moving a stagnant liquid in the liquid phase 
with the aid of the spray liquid. so 
[0020] As easily polymerizable compounds, there 
may be raised (meth)acrylic acid and (meth)acrylic 
esters. The (meth) acrylic esters may include methyl 
(meth)acrylate, ethyl (meth)acrylate, isopropyl 
(meth)acrylate, n -propyl (meth)acryiate, Isobutyl 55 
(meth)acryiate, n-butyl (meth)acrylate, 2-ethylhexylacr- 
ylate, 2- hydroxy ethyl (met h) aery late, hydroxypropyl 
(meth)acrylate, and dlalkyi amino ethyl (meth)acrylates. 



This invention is most useful for (meth)acrylic acid 
which is most easily to polymerize among these com- 
pounds. 

[0021] FIGS. 3 to 8 are schematic diagrams illus- 
trating embodiments of the invention. FIG. 3 illustrates a 
process of returning a refined liquid withdrawn from the 
bottom of a distillation column 1 to the column, and 
spraying the returned refined liquid, by a spraying and 
supplying means 5, to a manhole 4 placed in a lower 
part of the distillation column 1. In a process shown in 
FIG. 4, a reflux liquid is sprayed by a spraying and sup- 
prying means 9 to an end plate 7 placed in the top 
and/or to a vapor line 8 connecting the top of the column 
with a condenser for use In a subsequent step. The 
spraying and supplying means 9 has four spray nozzles. 
FIG. 5 shows a process of spraying and putting a feed- 
stock liquid Into a downcomer 10a below a tray 1 0 of a 
plate distillation column. In a process shown In FIG. 6, a 
chimney 11 Is provided to withdraw a liquid at some 
midpoint In a distillation column, and a portion of the 
withdrawn liquid is returned to the distillation column 
and is sprayed to the chimney 1 1 by a spraying and sup- 
plying means 12. FIG. 7 illustrates a process of spraying 
a liquid by a spraying and supplying means 1 7 to a sup- 
porting member 16 of a packed bed 15 in a packed dis- 
tillation column 14. FIG. 8 shows a process of spraying 
a liquid by a spraying and supplying means 25 to an agi- 
tator 21, a baffle 20, and a manhole 26 in a reactor for 
reactive distillation. In these figures, each of the refer- 
ence numerals 6 and 13 represents a pump. FIGS. 3 to 
8 show embodiments of not only the inhibition of polym- 
erization of a liquid formed by the condensation of a 
vapor in a vapor phase portion but also the inhibition of 
polymerization by dropping the spray liquid to a liquid 
phase portion to move the liquid thereby to shorten a 
retention time of the liquid on the surface of a constitu- 
tive member. 

[0022] The Invented process configured as 
described above can effectively inhibit the polymeriza- 
tion in distillation of easily polymerizable compounds 
such as (meth)acrylic acid and (meth)acrytic esters. 
[0023] The present Invention will now be Illustrated 
in more detail with reference to several inventive exam- 
ples and comparative examples below, which are not 
intended to limit the scope of the invention. 

EXAMPLE 1 

[0024] In this example, acrylic add was purified by 
distillation using a stainless steel (SUS 316) distillation 
column including 50 stainless steel (SUS 316) sieve 
trays (inner diameter: 1300 mm) inside thereof. The dis- 
tillation column was operated at the top temperature of 
63°C, at the bottom temperature of 1 00°C, at an abso- 
lute pressure of 4.7 kPa (35 mmHg) and at a reflux ratio 
of 1.8. As polymerization inhibitors, 50 ppm of phenothi- 
azine was added to a feed liquid, and 1 00 ppm of meth- 
oquinone was added to a reflux liquid. In addition. 
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molecular oxygen (100%) was supplied from the bottom 
of the column in a proportion of 0.3% by volume relative 
to the volume of an overhead vapor (at standard tern* 
perature and pressure), and distillation was continu- 
ously performed under this condition. 
[0025] In this procedure, a bottom circulation liquid 
of 90°C was sprayed on the overall of a manhole (diam- 
eter: 500 mm0) at the bottom of the column with a 
spray at a flow rate of 500 L/hr (wetting liquid rate: 2.5 
m^n^hr). As a result, the operation could be continued 
over about one month without trouble. 

COMPARATIVE EXAMPLE 1 

[0026] Distillation was performed in the same man- 
ner as in Example 1 , except that spraying to the man- 
hole at the bottom of the column was not conducted. As 
a result, a liquid could not be significantly withdrawn 
from the bottom of the column after 8- day operation. 
The operation was stopped and an inspection was 
made to find that about 2 kg of polymer were attached 
to the bottom of the column and clogged a draw pipe at 
the bottom of the column. 

EXAMPLE 2 

[0027] Distillation was performed in the same man- 
ner as in Example 1, except that molecular oxygen was 
not supplied to the bottom of the column. As a result, a 
liquid could not be significantly withdrawn from the bot- 
tom of the column after 1 7-day operation. The operation 
was stopped and an inspection was made to find that 
about 1 kg of polymer were attached to the bottom of 
the column and clogged a draw pipe at the bottom of the 
column. The result in Example 2 indicates that supply of 
molecular oxygen is preferred even though the opera- 
tion can be continued under this condition two times as 
long as that of Comparative Example 1 . 

EXAMPLE 3 

[0028] Distillation was performed in the same man- 
ner as in Example 1 , except that the liquid is sprayed at 
a temperature of 55° C. As a result, a noticeable amount 
of polymer was found in the withdrawn liquid after 25- 
day operation, and the operation was stopped to inspect 
the column. Polymer of about 0.5 kg was seen to be 
attached on the bottom of the column. 

EXAMPLE 4 

[0029] A reactive distillation for esterification of 2- 
ethylhexyl alcohol and acrylic add was performed using 
a continuous feed stirred tank reactor and a distillation 
column. The continuous feed stirred tank reactor was 55 
made of a stainless steel (SUS 316) and had an inner 
diameter of 3500 mm and a shell height of 3500 mm. 
The distillation column was placed on the top of the 



reactor, was made of a stainless steel (SUS 316) and 
had an inner diameter of 1 100 mm and a packing height 
(packing: CASCADE MINIRING 2P) of 5000 mm. The 
distillation column was operated at the top temperature 
of 43°C, at the top absolute pressure of 8 kPa and the 
reactor was operated at the temperature of 90°C. The 
reaction was catalyzed by an ion exchange resin. From 
the top of the column, 2-ethylhexyl alcohol containing 
1 00 ppm of phenothiazine was fed, and from the top of 
the reactor, am acrylic acid solution containing 200 ppm 
of methoquinone was supplied. In addition, air was sup- 
plied from the bottom of the reactor in a proportion of 

0. 15. by volume relative to the volume of an overhead 
vapor at standard. temperature and pressure, and the 
reactive distillation was continuously performed under 
this condition. 

[0030] In this procedure, portions of a liquid with- 
drawn from the reactor were sprayed with a spray for 
two baffles (diameter 200 mm0) at a flow rate of 500 
L/hr (wetting liquid rate: 1.6 m 3 /m 2 hr In wetted length of 
500 mm) per baffle, for two regions of an agitator (diam- 
eter 200 mm0) at a flow rate of 500 L/hr (wetting liquid 
rate: 1.6 nrr^/rrr^hr in wetted length of 500 mm) per 
region, and for an upper manhole (diameter 500 mm0) 
at a flow rate of 500 Lmr (wetting liquid rate: 2.5 
m 3 An 2 hr). As a result, the operation could be continued 
over about one month without trouble. 

COMPARATIVE EXAMPLE 2 

[0031] Distillation was performed in the same man- 
ner as in Example 3, except that spraying operation was 
not conducted. As a result, polymer were observed in a 
withdrawn liquid from the reactor after 20-day operation. 
The operation was stopped and an inspection was 
made to find that about 2 kg of polymer were attached 
to the constitutive baffles, the agitator, and the manhole. 
[0032] Other embodiments and variations will be 
obvious to those skilled in the art, and this invention is 
not to be limited to the specific matters stated above. 

Claims 

1. A process for Inhibiting polymerization of a easily 
porymerizable compound in distillation of the easily 
pofymerizable compound using a distillation unit, 
wherein a liquid is supplied to a constitutive mem- 
ber by a spraying and supplying means, said consti- 
tutive member being placed in the distillation unit, 
and said liquid having substantially the same com- 
position with that of a liquid surrounding said consti- 
tutive member. 

2. A process according to claim 1, wherein said 
sprayed liquid has a temperature equal to or lower 
than the surrounding of said constitutive member. 

3. A process according to data 1 or 2, wherein a flow 
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rate of liquid for wetting said constitutive member 
within said liquid supplied by the spraying and sup- 
plying means is 0.6 m 2 /m 2 hr or more against the 
surface area of the constitutive member. 

4. A process according to any one of claims 1 to 3, 
wherein said liquid supplied by the spraying and 
supplying means contains a polymerization inhibi- 
tor. 

5. A process according to any one of claims 1 to 4, 
wherein a gas containing molecular oxygen is sup- 
plied into the distillation unit 

6. A process according to any one of claims 1 to 5, is 
wherein said constitutive member Is one selected 
from the group consisting of a tray supporting mem- 
ber, a packing supporting member, a flange, a noz- 
zle, an end plate, a column wall, a chimney, a 
downcomer, a baffle, and a shaft of an agitator. 20 

7. A process according to any one of claims 1 to 6, 
wherein said easily polymerizable compound is a 
(meth)acry1ic acid and/or a (meth)acry fie ester. 
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